In the present study we evaluated the nature of angiotensin receptors involved in the antidiuretic effect of angiotensin-(1-7) (Ang-(1-7)) in water-loaded rats. Water diuresis was induced in male Wistar rats weighing 280 to 320 g by water load (5 ml/100 g body weight by gavage). Immediately after water load the rats were treated subcutaneously with (doses are per 100 g body weight): 1) vehicle (0.05 ml 0.9%
Introduction
The heptapeptide angiotensin-(1-7) (Ang-(1-7)) is a recently identified active component of the renin-angiotensin system that can be formed by a route independent of angiotensin converting enzyme (1) (2) (3) . Ang- (1) (2) (3) (4) (5) (6) (7) has been demonstrated in plasma and tissues of a variety of species, including man, dogs, sheep and rats (3) (4) (5) .
In addition to the different enzymatic route for its generation, Ang-(1-7) differs importantly from Ang II by its selectivity. Although both peptides elicit some similar actions in the brain, such as changes in blood pressure (6) (7) (8) and an increase in neuronal activity (9) , Ang-(1-7) is devoid of significant dipsogenic, vasoconstrictor or aldosterone secretagogue actions (see Ref. 2 for review). Ang-(1-7) can even present effects opposite to those of Ang II, such as those on the baroreceptor reflex sensitivity which is attenuated by Ang II and increased by Ang-(1-7) (10) .
A growing body of evidence suggests that one of the major physiological actions of Ang-(1-7) is related to the control of hydroelectrolyte balance. Dense immunostaining for Ang-(1-7) immunoreactivity has been demonstrated in the supraoptic and paraventricular nuclei of the hypothalamus and neurohypophysical (11) , and Ang-(1-7) is as potent as Ang II in releasing AVP from hypothalamus-neurohypophysial explants (12) . In addition, we have shown that Ang-(1-7) possesses a potent peripheral antidiuretic activity in water-loaded rats that is not influenced by blockade of vasopressin V 2 receptors (13, 14) . In vitro, Ang-(1-7) has been reported to increase four-fold the hydraulic conductivity in intramedullary collecting ducts at a concentration of 10 -9 mol/l (14) . In the proximal straight tubule Ang-(1-7) increases fluid and bicarbonate reabsorption at physiological concentrations (10 -12 mol/l) (15) .
In addition to water excretion, Ang-(1-7)
appears to influence sodium handling by the kidneys. A natriuretic effect of supra-physiological doses of Ang-(1-7) has been reported in denervated kidneys (16) in vivo and in in situ perfused rat kidneys (17) . The natriuretic effect of Ang-(1-7) in these preparations is in accordance with the observation that 10 -9 mol/l Ang-(1-7) inhibits (20%) Na + flux in cultured renal tubular epithelial cells (18) . A physiological role for Ang-(1-7) in the control of hydromineral balance is also suggested by the selective increase in its circulating levels in chronically salt-loaded rats (5) . Moreover, the enzymes necessary to generate Ang-(1-7) from its precursors (Ang I or Ang II) are abundant in the kidney (19) . We have recently shown that the antidiuretic effect of Ang-(1-7) in water-loaded rats is completely blocked by the selective Ang-(1-7) antagonist A-779 (14, 20) . However, the effect of other selective angiotensin antagonists on the antidiuretic activity of this heptapeptide is not known. In this study we evaluated the nature of angiotensin receptors involved in the antidiuretic effect of Ang-(1-7) in water-loaded rats.
Material and Methods

Animals
Male Wistar rats weighing 280 to 320 g were used. The rats were housed in plastic cages with free access to ordinary chow and water, on a 14/10 h light/dark cycle. Protocol 2: Effect of A-779 on renal function parameters. Immediately after water loading, additional groups of rats were treated subcutaneously with 4.4 nmol A-779/100 g body weight (N = 9) or 4.4 nmol A-779/100 g body weight combined with 40 pmol Ang-(1-7)/100 g body weight (N = 10) and transferred to metabolic cages. Blood and urine samples for measurement of C Cr , osmolality, and sodium concentration were collected 60 min after water loading.
General procedures
Blood sampling. Immediately after urine collection, the rats were anesthetized with ether and blood samples were withdrawn by heart puncture. Blood samples were kept for 30 min at room temperature and then centrifuged at 2000 rpm for 10 min. Serum was used for measurement of serum osmolality, Na + and creatinine concentration.
Urine samples. After collection, the urine samples were centrifuged at 3000 rpm for 5 min (room temperature) for measurement of urine osmolality, Na + and creatinine concentration.
Analytical procedures
Sodium was measured by flame photometry (Corning 400, Corning Inc., New York, NY). Serum and urine osmolality were measured using a freezing-point Osmometer (Fiske Associates, Norwood, MA). Creatinine clearance measurements were performed using a kit which minimizes the interference of endogenous chromogens (cat. 35E, Labtest, Belo Horizonte, MG).
Chemicals
The nonpeptide AT 1 receptor antagonist, Losartan (molecular mass = 461), was a gift 
Statistical analysis
All results are reported as means ± SEM. Data were analyzed using one-way analysis of variance (ANOVA) followed by the Newman-Keuls test. The level of significance was set at P<0.05.
Results
Effect of angiotensin antagonists on the antidiuretic action of Ang-(1-7) in water-loaded rats
Blockade of the antidiuretic effect of Ang- (1) (2) (3) (4) (5) (6) (7) . As shown in Figure 1 , Losartan completely blocked the antidiuretic effect of Ang-(1-7) in water-loaded rats. Losartan alone, at the dose used, did not change water diuresis compared to vehicle-treated rats.
The effect of the two doses of A-779 (1.1 and 4.4 nmol/100 g body weight) on the antidiuretic action of graded doses of Ang-(1-7) (20 to 80 pmol/100 g body weight) is shown in Figure 2 . A-779 completely blocked the antidiuretic effect of Ang-(1-7) in waterloaded rats at both doses used. A-779 given alone produced an increase in water diuresis compared with vehicle-treated rats at the highest dose (4.4 nmol/100 g body weight).
As shown in Figure 3 , the AT 2 ligand, CGP 42112A, did not change water diuresis or the antidiuretic effect of Ang-(1-7) in water-loaded rats.
Mechanisms involved in the blockade of the antidiuretic action of Ang-(1-7) in water-loaded rats
Effect of Losartan on renal function parameters. The effect of Losartan on renal function parameters in water-loaded rats is shown in Table 1 . Losartan blockade of the antidiuretic effect of Ang-(1-7) was associated with a significant increase in creatinine clearance and in sodium and water excretion compared with Ang-(1-7)-treated rats (P<0.05).
Effect of A-779 on renal function parameters.
The effect of A-779 on renal function parameters in water-loaded rats is shown in Table 1 . The increase in water diuresis produced by A-779 given alone was associated with a decrease in urine osmolality and natriuresis and an increase in creatinine clear- 
Discussion
We have previously shown that the antidiuretic effect of Ang-(1-7) in water-loaded rats was completely blocked by the Ang-(1-7) selective antagonist, A-779 (14, 20) . In the present study we extended this observation by showing that Losartan, an AT 1 receptor antagonist, also blocked the antidiuretic effect of Ang-(1-7) in water-loaded rats.
The antidiuretic effect of Ang-(1-7) in water-loaded rats was associated with a decrease in creatinine clearance and an increase in water reabsorption. Both A-779 and Losartan blocked the antidiuretic effect by preventing the changes in creatinine clearance and in sodium and water excretion produced by Ang-(1-7).
Our observation that Losartan blocked the antidiuretic effect of Ang-(1-7) is consistent with other studies. Garcia and Garvin (15) found that the effects of Ang-(1-7) on fluid and bicarbonate absorption in isolated proximal straight tubules were blocked by Losartan. A partial blockade of the effect of Ang-(1-7) on O 2 consumption in rat proximal tubules was also observed by Handa et al. (16) . Similar findings were obtained in the heart by Gironacci et al. (21) . These data raised two possible explanations: 1) Ang-(1-7) may act through AT 1 receptors or 2) Losartan can block a subtype of Ang-(1-7) receptor. The first explanation is unlikely since Ang-(1-7) does not exert most of the Ang II actions that are mediated through AT 1 receptors, i.e., vasoconstriction and induction of drinking (4) and Ang-(1-7) binds poorly to AT 1 receptors (3, 20) . The second Table 1 -Effect of angiotensin antagonists on renal function parameters in water-loaded rats.
Immediately after water loading, rats were treated subcutaneously with vehicle (Control, 0.05 ml 0.9% NaCl/100 g body weight), Ang-(1-7) (40 pmol/100 g body weight), A-779 (4.4 nmol/100 g body weight) or A-779 (4.4 nmol/100 g body weight) combined with Ang-(1-7) (40 pmol/100 g body weight), and transferred to metabolic cages. Data are reported as means ± SEM. *P<0.05 compared with Ang-(1-7)-treated rats (ANOVA followed by the Newman-Keuls test). + P<0.05 compared with the control group (ANOVA followed by the Newman-Keuls test). Osm = Osmolality, C Osm = osmolal clearance and C Cr = creatinine clearance. (22) (23) (24) . It was shown that this compound can bind to non-angiotensin II binding sites (22) or interfere with non-angiotensin-mediated responses (23) . In addition, differential regulation of Ang II and Losartan binding sites was observed in rat glomeruli and human mesangial cells (24) . The recent observation that Losartan can block thromboxane A 2 receptors further indicates a lack of specificity of this angiotensin AT 1 receptor ligand (25) . The finding that both Losartan and A-779 can block the antidiuretic effect of Ang-(1-7) suggests the existence of at least two subtypes of Ang-(1-7) receptors: one which is expressed, for example, in blood vessels (26) and the brain (rostral ventrolateral medulla and caudal pressor area) (10, 20) and is not blocked by AT 1 or AT 2 antagonists (10, 20) , and the other expressed at sites such as the hypothalamus (27) , heart (21) and the kidney (15) which can be blocked by Losartan and to a variable extent by AT 2 ligands. Nevertheless, the observation that Losartan can block at least some of the Ang-(1-7) effects on the kidney raises the intriguing possibility that blockade of endogenous Ang-(1-7) can contribute to its pharmacological effects.
Administration of A-779 alone at a dose of 4.4 nmol/100 g body weight increased water diuresis, suggesting that even in this condition, unlike vasopressin, whose plasma levels are suppressed (28) , endogenous Ang-(1-7) can modulate water excretion. However, an agonistic effect of A-779 at this dose or a synergistic effect with other peptides, although unlikely, cannot be ruled out.
